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ABSTRACT 
 
 
 
 
Glyphosate (GLYP) is commonly used in agriculture to control weeds. GLYP 
residue and its main metabolite, aminomethylphosphonic acid (AMPA), can be 
found in crops, vegetables, fruits, soil and also ground water which raised concern 
over the problems regarding to the environmental contaminations. These compounds 
can be detected and determined by gas chromatography (GC), high performance 
liquid chromatography (HPLC), ion chromatography (IC), capillary electrophoresis 
(CE) or enzyme linked immunosorbent assay (ELISA). However, most of these 
methods are time consuming, involve the use of toxic solvents, require complicated 
pre-preparation and high cost of instrumentation. Therefore, in the present study 
voltammetric method based on the use of copper electrode (CuE) and hanging 
mercury drop electrode (HMDE) were used to investigate the electrochemical 
behaviour and quantitative analysis of GLYP and AMPA. Investigations were carried 
out by cyclic voltammetry (CV), differential pulse voltammetry (DPV) and 
differential pulse cathodic stripping voltammetry (DPCSV) techniques based on the 
reduction (cathodic current) and oxidation (anodic current) of Cu(II) in phosphate 
buffer at pH 6.4. Based on anodic and cathodic currents of the CuE working 
electrode using DPV and DPCSV techniques, linear calibration curves were obtained 
in the range of 1.18 up to 5.92 × 10
-6
 M and 7.20 up to 36.02 × 10
-6
 M for GLYP and 
AMPA respectively. The limits of detection (LOD) based on anodic current for 
GLYP at -80 mV vs saturated calomel reference electrode (SCE) and AMPA at             
-96 mV vs SCE by DPV technique were 3.24 × 10
-7
 M and 2.68 × 10
-6
 M 
respectively. The LOD based on cathodic current for GLYP at -180 mV vs 
silver/silver chloride reference electrode (Ag/AgCl) and AMPA at -190 mV vs 
Ag/AgCl were  4.69 × 10
-7
 M and 2.67 × 10
-6
 M respectively. The LOD by DPCSV 
with CuE working electrode were 3.11 × 10
-7 
M and 2.09 × 10
-6 
M for GLYP at         
-180 mV vs Ag/AgCl and AMPA at -190 mV vs Ag/AgCl respectively. 
Determination of GLYP and AMPA by HMDE requires addition of Cu(II) into the 
test solution. Linear calibration curves by HMDE were obtained in the range of 2.96 
up to 14.79 × 10
-7
 M and 1.35 up to 6.75 × 10
-6
 M for both DPV and DPCSV. The 
LOD of GLYP at 0 mV vs Ag/AgCl and AMPA at -3 mV vs Ag/AgCl by HMDE 
were 7.41 × 10
-8
 M and 6.05 × 10
-7
 M respectively using DPV. The LOD by DPCSV 
technique for GLYP at -3 mV vs Ag/AgCl and AMPA at 0 mV vs Ag/AgCl by 
HMDE were 5.40 × 10
-8
 M and 2.64 × 10
-7
 M respectively. The DPCSV technique 
with CuE and HMDE working electrodes for the determination of GLYP and AMPA 
have good recoveries (94 - 98%) based on application to real samples.     
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ABSTRAK 
 
 
 
 
Glifosat (GLYP) biasanya digunakan dalam bidang pertanian untuk mengawal 
rumpai. Sisa GLYP dan metabolit utama, asid aminometilfosfonik (AMPA) boleh 
didapati di dalam tanaman, sayur-sayuran, buah-buahan, tanah dan juga air bawah 
tanah yang menimbulkan kebimbangan terhadap masalah mengenai pencemaran 
alam sekitar. Sebatian ini boleh dikesan dan ditentukan menggunakan kromatografi 
gas (GC), kromatografi cecair berprestasi tinggi (HPLC), kromatografi ion (IC), 
elektroforesis rerambut (CE) atau esei imunoserapan berikatan enzim (ELISA). 
Walau bagaimanapun, kebanyakan kaedah ini mengambil masa yang lama, 
melibatkan penggunaaan pelarut toksik, memerlukan pra-persediaan yang rumit dan 
menggunakan peralatan yang mahal. Oleh itu, dalam kajian ini, kaedah voltametri 
berasaskan elektrod kuprum (CuE) dan elektrod titisan merkuri tergantung (HMDE) 
digunakan untuk mengkaji sifat elektrokimia dan analisis kualitatif bagi GLYP dan 
AMPA. Kajian dijalankan menggunakan teknik voltametri kitaran (CV), voltametri 
denyut pembeza (DPV) dan voltametri perlucutan katodik denyut pembeza (DPCSV) 
yang berasaskan penurunan (arus katodik) dan pengoksidaan (arus anodik) bagi 
Cu(II) didalam penimbal fosfat pada pH 6.4. Berdasarkan arus anodik dan katodik 
bagi elektrod kerja CuE menggunakan teknik DPV dan DPCSV, keluk penentukuran 
linear telah diperoleh dalam julat 1.18 sehingga 5.92 × 10
-6
 M dan 7.20 sehingga 
36.02 × 10
-6
 M untuk masing-masing GLYP dan AMPA. Had pengesanan (LOD) 
berdasarkan arus anodik GLYP pada -80 mV vs elektrod rujukan kalomel tepu (SCE) 
dan AMPA pada -96 mV vs SCE menggunakan teknik DPV masing-masing adalah 
3.24 × 10
-7
 M dan 2.68 × 10
-6
 M. LOD berdasarkan arus katodik bagi masing-masing 
GLYP pada -180 mV vs elektrod rujukan argentum/argentum klorida (Ag/AgCl) dan 
AMPA pada -190 mV vs Ag/AgCl adalah 4.69 × 10
-7
 M dan 2.67 × 10
-6
 M. LOD 
bagi masing-masing GLYP pada -180 mV vs Ag/AgCl dan AMPA pada -190 mV vs 
Ag/AgCl menggunakan teknik DPCSV dengan elektrod kerja CuE adalah            
3.11 × 10
-7 
M dan 2.09 × 10
-6 
M. Penentuan GLYP dan AMPA menggunakan HMDE 
memerlukan penambahan Cu(II) ke dalam medium ujian. Keluk penentukaran linear 
telah diperoleh dalam julat 2.96 sehingga 14.79 × 10
-7
 M dan 1.35 sehingga           
6.75 × 10
-6
 M untuk DPV dan DPCSV. LOD bagi GLYP menggunakan HMDE pada 
0 mV vs Ag/AgCl dan AMPA pada -3 mV vs Ag/AgCl masing-masing adalah        
7.41 × 10
-8
 M dan 6.05 × 10
-7
 M menggunakan DPV. LOD bagi teknik DPCSV 
untuk GLYP pada -3 mV vs Ag/AgCl dan AMPA pada 0 mV vs Ag/AgCl 
menggunakan HMDE masing-masing adalah 5.40 × 10
-8
 M dan 2.64 × 10
-7
 M. 
Teknik DPCSV dengan elektrod kerja CuE dan HMDE bagi penentuan GLYP dan 
AMPA mempunyai perolehan yang baik (94-98%) berdasarkan aplikasi terhadap 
sampel sebenar. 
 
 
 
 
